tion. Kentucky researchers demonstrated that cultivars varied in recovery rate, depending upon whether a funNew creeping bentgrass (Agrostis palustris Huds.) cultivars should gicide treatment was applied (Vincelli et al., 1997) . Some be thoroughly evaluated for disease resistance and fungicide applicacultivars recovered more quickly from dollar spot foltion strategies for inclusion in integrated pest management plans. Our objectives were to evaluate dollar spot (Sclerotinia homoeocarpa F.T.
G olf course superintendents are searching for applications for control of brown patch on turfgrasses ways to reduce fungicide applications on creeping (Fidanza et al., 1996; Fidanza and Dernoeden, 1997 ; bentgrass putting greens. Preventive fungicide applica- Schumann et al., 1994; Gross et al., 1998) . Curative, or tions are commonly used from June through September warning-based approaches ensure that applications are in the humid transition zone to suppress dollar spot and made only when needed, and may result in reduced brown patch and maintain quality of creeping bentgrass fungicide input. High susceptibility of creeping bentgreens. The development of new creeping bentgrass culgrass to dollar spot and brown patch has traditionally tivars with potential for disease resistance has increased precluded the use of these strategies on putting greens. the superintendent's interest in utilizing these cultivars Furthermore, a superintendent's success is commonly to reduce fungicide inputs. In fact, cultivar comparisons measured by the condition of the greens, and a prevenfrom the National Turfgrass Evaluation Program's 1998 tive strategy helps to prevent a reduction in quality of creeping bentgrass cultivar evaluation indicated that the putting surface that may arise with the onset of there were differences in susceptibility to dollar spot disease. However, the development of more diseaseand brown patch (Anonymous, 1999) . For example, resistant creeping bentgrass cultivars may allow for cuPenncross and Penn A-1 exhibited relatively good resisrative or warning-based strategies to be successfully emtance to dollar spot, whereas Crenshaw and Providence ployed without noticeable loss in bentgrass quality. were more susceptible. The cultivar L-93 had relatively Although information is available on disease resisgood resistance to brown patch, but Penn A-4 was more tance in creeping bentgrass cultivars, and differences susceptible to R. solani.
among fungicides and application schedules for disease Creeping bentgrass cultivar recovery after a dollar control efficacy, we are not aware of any studies that spot epidemic may be as important as resistance to infecevaluated the performance of creeping cultivars of differing disease susceptibility under varying fungicide ap-
A fungicide was applied within 24 h following a day when using curative and preventive fungicide application E Ն 6. No fungicide was applied if an application had been strategies.
made up to 2 wk preceding this date. This treatment was evaluated only for efficacy in brown patch control, and not
MATERIALS AND METHODS
for dollar spot suppression or turf quality. The study was conducted on a putting green constructed Treatments in 1998 were similar to those described in 1997, to USGA specifications at the Rocky Ford Turfgrass Research except that azoxystrobin (methyl (E)-2-{2-[6-(2-cyanopheField in Manhattan, KS. The medium contained 95% sand noxy) pyrimidin-4-yloxy]phenyl}-3-methoxyacrylate) at 0.3 kg and 5% clay, and had a pH of 7.5. Four cultivars and six or a.i. ha Ϫ1 plus triadimefon at 0.8 kg a.i. ha Ϫ1 were applied on seven fungicide treatments were arranged randomly in a splita 28 d application interval. Applications began on 18 May and plot design with three replications. The cultivars Penncross, continued through 24 September. Crenshaw, L-93, and Providence were seeded at 49 kg ha
Ϫ1
In 1999, chlorothalonil (9.6 kg a.i. ha Ϫ1 ) was used instead in 2.2 ϫ 7.0 m main plots in May 1996. Turf was irrigated of iprodione in the curative application treatment and a predaily with approximately 5 mm water, and mowed 6 d wk Ϫ1 ventive, low-rate treatment of chlorothalonil applied at 2.3 kg at 4 mm with a triplex greensmower. Turf received N at 216 a.i. ha Ϫ1 also was evaluated at weekly intervals. The rate of kg ha Ϫ1 yr Ϫ1 in 1997; 238 kg ha Ϫ1 yr Ϫ1 in 1998; and 354 kg ha Ϫ1 triadimefon was increased to 1.6 kg a.i. ha Ϫ1 in 1999. Fungicide yr Ϫ1 in 1999. Rates and timing for individual N applications applications based on the disease warning model were not varied across years. In general, applications were made every applied in 1999. Initial fungicide treatments were made on 2 to 4 wk between 20 April and 31 October in each year, to 21 May and continued through 24 September. In all years, apply N at 25 to 49 kg ha Ϫ1 from a source containing at fungicides were applied with a CO 2 -pressurized (207 kPa) backleast 50% slow-release N, primarily from methylene urea. The pack sprayer calibrated to deliver 935 L ha Ϫ1 through 8003 remaining N was applied as urea (46-0-0).
flat-fan nozzles. Fungicide treatments, including a nonfungicide-treated control, were randomly arranged within each cultivar in 1.0 ϫ
Data Collection and Analysis
2.2 m subplots. In 1997, a preventive treatment of flutolanil [N-{3-(1-methylethoxy) phenyl}-2-(trifluromethyl) benzamide] at Plots were rated weekly by counting the number of S. ho-4.6 kg a.i. ha Ϫ1 plus triadimefon [1-(4-chlorophenoxy)-3,3-dimeocarpa infection centers and visually estimating the percentmethyl-1-(1H-1,2,4-triazol-l-yl)-2-butanone] at 0.8 kg a.i. ha Ϫ1 age (0-100% linear scale) of plot area blighted (foliar necrosis) were applied at monthly intervals, beginning 27 June and continby R. solani. Disease development was a result of natural uing through 9 October 1997. Iprodione [3-(3,5-dichloropheinfection, and S. homoeocarpa and R. solani AG 2-2 IIIB were nyl)-N-(1-methylethyl)-2,4-dioxo-1-imidazolidine-carboxamconsistently isolated from bentgrass exhibiting symptoms of ide] at 3.1 kg a.i. ha Ϫ1 , and iprodione at 3.1 kg a.i. ha
Ϫ1
, plus dollar spot and brown patch, respectively. The presence of R. a pigmented formulation of fosetyl-Al [aluminum tris (O-ethyl solani in leaves of blighted plants during each brown patch phosphonate)] at 9.9 kg a.i. ha Ϫ1 were applied preventively epidemic was confirmed microscopically. No other diseases on 14-d intervals. Fosetyl-Al is primarily used for control of were detected in any year of the study. Severity ratings were Pythium blight, caused by Pythium aphanidermatum (Edson) used to calculate the area under the disease progress curve Fitzp. Although we did not observe Pythium blight, fosetyl-(AUDPC) in each year (Campbell and Madden, 1991) . The Al was included with iprodione because this combination has AUDPC is expressed as percent disease (brown patch) or been reported to enhance turf quality (Vincelli et al., 1998) number of S. homoeocarpa infection centers (dollar spot) ϫ in the absence of disease, and is commonly used by golf course day, and describes the course of the epidemic with time (Wagsuperintendents in Kansas as a preventive application.
goner, 1981). Analysis of variance on all ratings was performed Iprodione (3.1 kg a.i. ha Ϫ1 ) was applied in 1997 as a curative with the PROC MIXED procedure (SAS Institute, 1989) , treatment as soon as initial S. homoeocarpa infection centers and used a Saterthwaite adjustment for split plot analysis of or brown patch were detected on each cultivar. Thereafter, variance (Milliken and Johnson, 1984) . Means were separated curative applications were made at subsequent 2-wk intervals using Fisher's protected least significant difference test (P Ͻ only if dollar spot or brown patch were active. Dollar spot 0.05). Turf quality was rated visually once weekly on a 0 to was considered to be active if the number of S. homoeocarpa 9 scale, where 0 equals brown, dead turf; 6 equals minimum infection centers increased from the previous week's rating in acceptable putting green quality; and 9 equals optimum color, two of the three blocks. Brown patch ratings were taken twice density, and uniformity. Turf quality data are presented as weekly, and the disease was considered active if the percentage the percentage of rating dates in each year that a given cultivar plot area blighted increased between the ratings. If no disease and fungicide combination resulted in acceptable quality. increase was noted, subsequent fungicide applications were delayed beyond the 2-wk interval until dollar spot or brown RESULTS patch development again was observed. The total number of fungicide applications in the curative treatment varied among A significant cultivar ϫ fungicide interaction was cultivars because of differences in disease susceptibility.
observed for dollar spot in all 3 yr, and for brown patch Iprodione (3.1 kg a.i. ha Ϫ1 ) also was applied in 1997 acin 1998 and 1999 (analysis not shown). This was the cording to a brown patch warning model developed by Fidanza result of greater disease severity and lower efficacy of et al. (1996) . Timing of fungicide applications was determined certain fungicide treatments in Crenshaw.
by using the regression equation
where E is an environmental favorability index for brown Dollar spot was first observed in nonfungicidepatch, RH equals the mean daily relative humidity, and T is treated turf on 25 July, peaked on 19 September, and the minimum daily temperature. Relative humidity and temcontinued until ratings ceased on 9 October (Fig. 1 ).
perature were recorded by a CR-10 weather station (Campbell Crenshaw had the highest dollar spot severity, followed Scientific, Logan, UT) located ≈30 m from the study area. All variables were summarized beginning and ending at 0600 h.
by Providence (Table 1 ). The cultivar L-93 and Penn- cross had the fewest S. homoeocarpa infection centers. with iprodione were in the acceptable range on 64% (Penncross) to 100% (L-93) of rating dates (Table 2 ). Fungicides applied on a 14-d preventive program suppressed dollar spot in all cultivars (Table 1) . Similarly,
The weather-based brown patch warning model predicted outbreaks on 29 June; 11, 20, and 28 July; 11, 12, triadimefon ϩ flutolanil applied preventively on a 28-d interval also provided nearly total suppression of dollar 18, 19, 30, and 31 August; and 10 and 30 September. spot in all cultivars except Crenshaw.
Iprodione was applied on only 1 and 21 July, however, Dollar spot levels were equivalent in all cultivars for scouting of the plot area showed no symptoms of treated curatively with iprodione except Crenshaw, brown patch in August and September. If iprodione had which had a greater number of infection centers (Table  been applied on the occurrence of all false predictions, a 1). The cultivars L-93, Penncross, and Providence each total of five applications would have been made. Brown required two curative applications to suppress dollar patch, however, was not visually detected among any spot, whereas Crenshaw required three. The seasonof the treatments in 1997. long level of dollar spot control provided using curative applications (n ϭ 2) was comparable to that provided 1998 by nine preventive applications of iprodione or iprodiDollar spot was observed in nonfungicide-treated one ϩ fosetyl-Al (14-d interval) in all cultivars except Crenshaw. Turf quality ratings for turf treated curatively
Crenshaw when ratings began in early June (Fig. 1) , but was not observed in other cultivars until 13 July. The than all other cultivars in nonfungicide-treated turf (Table 3). disease remained active through 24 September, at which time ratings ceased. Nonfungicide-treated Crenshaw Both the 14-and 28-d preventive fungicide schedules suppressed dollar spot (Table 1 ) and brown patch (Table  had the (Table 1) . Better brown patch control, however, was observed in turf treated on a 28-d acceptable quality on Յ41% of rating dates (Table 2) .
Brown patch was observed the second week of July, schedule with triadimefon ϩ flutolanil or triadimefon ϩ azoxystrobin than on a 14-d schedule with iprodione or and peak infection occurred in late August (Fig. 2 ). Crenshaw had a higher level of brown patch blighting iprodione ϩ fosetyl-Al. Dollar spot was observed prior to 13 July and after the curative schedule was not significantly different from that provided by 10 preventive applications of 14 September, whereas both dollar spot and brown patch were active between these dates ( Fig. 1 and 2) . iprodione made on 2-wk intervals (Table 1) . However, curative applications were less effective in controlling The cultivar L-93 received four curative iprodione applications, Penncross and Providence received five applicabrown patch (Table 3 ). The poorest control occurred in L-93, which received a fungicide application only after tions, and Crenshaw was treated on six occasions. Dollar spot suppression in each cultivar except Crenshaw using brown patch development, whereas the best overall con- trol occurred in Crenshaw, which had received a curamost susceptible. These results are similar to previous reports (Fraser, 1997 (Fraser, , 1999 ; Landschoot and McNitt, tive application for dollar spot 1 wk prior to the onset of brown patch. The brown patch outbreak resulted in 1996). Cultivar response to brown patch in nonfungicide-treated turf was more variable, with Crenshaw L-93 treated on a curative schedule, having acceptable quality on only 41% of all rating dates (Table 2) .
being most susceptible in 1998, but similar in level of R. solani blighting to L-93 in 1999. The disease warning model predicted brown patch outbreaks on 11 June, 13 and 28 July, and on 28 August.
None of the cultivars exhibited season-long acceptable quality without fungicide treatment (Table 2 ). This coincided with observed increases in brown patch in nonfungicide-treated plots on 13 and 28 July and 28
Quality of nonfungicide-treated L-93 was acceptable on 71% of rating dates in 1997, 41% of rating dates in August, but not 11 June (Fig. 2) . Fungicide applications based on the model suppressed brown patch, compared 1998, and 44% of rating dates in 1999. Most of the unacceptable ratings in 1998 and 1999 occurred after with nonfungicide-treated plots in L-93 and Penncross, but not in Crenshaw or Providence (Table 3) . mid-July, when brown patch and dollar spot were active, and not earlier in the growing season when dollar spot
1999
was the only disease evident. Therefore, a less stringent fungicide program early in the growing season on a Sclerotinia homoeocarpa infection centers were dollar spot resistant cultivar such as L-93 may be feasihigher in 1999 than in the previous two years (Fig. 1) . For ble. A more resistant cultivar also may be more amenaexample, at peak infection the total number of infection ble to other dollar spot control strategies, including the centers in nonfungicide-treated Crenshaw was Ͼ250 application of biological control agents (Goodman and m Ϫ2 , compared with Ͻ125 m Ϫ2 in 1997. Infection centers Burpee, 1991; Nelson and Craft, 1991 ; Rodriquez and were first observed on 21 May, and the dollar spot was Pfender, 1997) or organic amendments (Nelson and present throughout the summer until ratings ceased on Craft, 1992). Several fungicide application strategies 24 September. Ranking of cultivars for dollar spot severhave been used for controlling dollar spot and brown ity in nonfungicide-treated turf, from highest to lowest, patch in creeping bentgrass putting greens. These inwas Crenshaw Ͼ Penncross Ͼ Providence Ͼ L-93 (Taclude applying fungicides at routine intervals (every ble 1).
7-28 d) to prevent disease development, applying fungiBrown patch was initially observed on 26 July, and cides only when disease symptoms reach some predetercontinued through 18 August (Fig. 2) . Crenshaw had mined action threshold, or making applications on a greater brown patch levels than all other cultivars, exweather-based disease forecasting system. We found cept L-93. The 14-d preventive schedule was effective that the efficacy of each schedule was dependent on the in suppressing both dollar spot and brown patch in all disease susceptibility of creeping bentgrass cultivar. cultivars (Table 1 ). The 28-d fungicide application
Overall, applications of iprodione, iprodione ϩ foschedule resulted in poor dollar spot control in Crenssetyl-Al or chlorothalonil applied on a preventive 14-d haw, when compared with all other cultivars. Chlorothainterval were effective in providing season-long control lonil (2.3 kg a.i. ha Ϫ1 ) applied preventively on a 7-d of both dollar spot and brown patch in all cultivars. interval provided nearly complete suppression of dollar However, as previously stated, this often resulted in spot in L-93, whereas the other cultivars exhibited a excessive application of fungicides to L-93, Penncross, modest increase in dollar spot in late June and July and Providence during periods of low disease pressure. within this treatment (data not shown), resulting in Application of fosetyl-Al with iprodione did not inhigher seasonal AUDPC's (Table 1 ). The weekly low crease brown patch or dollar spot control over iprodione rate chlorothalonil application regime failed to adealone. Nonetheless, the percentage of rating dates with quately suppress brown patch and maintain quality in acceptable turf quality was increased on certain cultivars all cultivars except L-93 (Tables 2 and 3) .
(e.g., Penncross and Providence in 1998 and Providence Across the entire season, L-93 received five curative in 1999) with this fungicide combination. We suspect chlorothalonil applications; Penncross and Providence that the pigment contained in the fosetyl-Al formulation received seven; and Crenshaw received eight. This comstained the creeping bentgrass leaves, improved color, pared with 11 applications on a 14-d preventive spray and resulted in higher turf quality ratings. program. Crenshaw treated curatively had a higher Preventive applications of triadimefon (with either number of S. homoeocarpa infection centers than any flutolanil or azoxystrobin for brown patch control) on other cultivar (Table 1) . Chlorothalonil (9.6 kg a.i. ha Ϫ1 ) a 28-d interval also provided excellent dollar spot supapplied curatively provided acceptable quality on 37% pression in all cultivars except Crenshaw. Fungicide effi-(Penncross) to 87% (Providence) of rating dates (Tacacy diminished after 14-to 21-d in Crenshaw, presumble 2).
ably because of its high susceptibility to dollar spot. We did not detect resistance to triadimefon in S. homoeoc-
DISCUSSION
arpa isolates collected from Crenshaw (data not shown) in 1999. Nevertheless, the intense dollar spot pressure The four bentgrass cultivars evaluated varied in dison Crenshaw, coupled with continuous use of a demethease susceptibility and responses to fungicide applicaylation inhibiting fungicide (DMI), such as triademefon, tion strategies. Nonfungicide-treated L-93 generally could rapidly result in selection of DMI-resistant strains showed the greatest resistance to dollar spot, Penncross and Providence were intermediate, and Crenshaw was of S. homoeocarpa. Golembiewski et al. (1995) sug-gested limiting the use of DMI's during periods when curative fungicide applications, while effective in suppressing further brown patch development, did not redollar spot is severe. This could severely restrict the use of DMI fungicides on highly susceptible cultivars such sult in acceptable turfgrass quality. The inability of curaas Crenshaw, which is prone to dollar spot throughout tive fungicide treatments to provide acceptable brown the growing season in Kansas.
patch control and quality would preclude widespread In a Michigan study, dollar spot control on creeping acceptance by superintendents of this strategy in creepbentgrass was similar, using weekly or biweekly applicaing bentgrass greens, regardless of cultivar. tions of chlorothalonil, even though the weekly applicaWe demonstrated that cultivar selection influences tions resulted in approximately a 50% reduction in the fungicide requirements and the potential for flexibility amount of fungicide applied during the experiment in developing a disease-control program. Use of a culti- (Thompson, 1998) . We also observed season-long dollar var with good resistance to disease, such as the dollar spot and brown patch control (1999 only) when reduced spot resistant L-93, resulted in good turf quality when rates of chlorothalonil were applied weekly to L-93. a 28-d preventive fungicide program was employed. The However, this fungicide schedule did not provide satisuse of L-93 also provides the superintendent with the factory dollar spot or brown patch control in the other flexibility to use low rates of chlorothalonil on a 7-d cultivars tested. Although the reduced rate treatment preventive schedule. Furthermore, considering all cultican result in significant reductions in overall fungicide vars across the 3-yr period, fewer fungicide applications usage in a dollar spot resistant cultivar such as L-93, this were made using a curative (n ϭ 11-17) than a 14-d advantage may be somewhat offset by higher machinery preventive (n ϭ 30) strategy. A curative strategy could and labor costs associated with more frequent fungibe employed when environmental conditions are favorcide applications.
able for dollar spot, but not brown patch. An alternative approach for brown patch control is the use of weather-based forecasting systems. Fidanza dicted three brown patch episodes in 1998, but falsely predicted five episodes in 1997 and one in 1998. Fidanza et al. (1996) suggested that model accuracy could be REFERENCES improved by canceling a predicted application if the air Anonymous, 1999 . National bentgrass test-1998. Putting green. Natemperature dropped below 15ЊC within 24 h of warning. slow bentgrass recovery during hot weather. Therefore,
